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Abstract
Haptic interfaces have great potential for assessing the tactile
processing of children with Autism Spectrum Disorder (ASD), an
area that has been under-explored due to the lack of tools to assess
it. Until now, haptic interfaces for children have mostly been used
as a teaching or therapeutic tool, so there are still open questions
about how they could be used to assess tactile processing of
children with ASD. This article presents the design process that led
to the development of Feel and Touch, a mobile game augmented
with vibrotactile stimuli to assess tactile processing. Our feasibility
evaluation, with 5 children from 3 to 6 years old, shows that
children accept vibrations and are able to use the proposed
vibrotactile patterns. However, it is still necessary to work on the
instructions to make the game dynamic clearer and rewards to keep
the attention of children. We close this article by discussing future
work and conclusions.

Keywords:
Autism spectrum disorder; Tactile processing; Haptic interfaces;
Vibrotactile patterns.

1 Introduction
The use of screening tools (i.e., tests, examinations or other
procedures of easy and quick application) during childhood is the
key to detect children who show signals of ASD and who need to
be referred to a specialist to obtain a complete diagnosis and receive
an intervention to help them improve their skills [4,7]. However,
most screening tools for Autism Spectrum Disorder (ASD) are
based on questionnaires that parents or caregivers must answer [8]
and on psychometric tests based on observation and highly
interpreted by the specialists who apply the tests. This makes
screening subjective, and misinterpretation can affect the
possibility of obtaining a timely diagnosis. In addition, most of the
questions in these tools are focused on communication and
socialization skills, leaving aside sensory processing (Kanne,
Monarca, Ivonne., Tentori, Monica.
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2018). About 90% of people with ASD have atypical sensory
processing [18], and those differences can be a potential marker of
ASD [18].
Until now, tactile processing has been little explored due to the
lack of tools to assess it. [20]. However, with the growth of haptic
interfaces1 , there is an untapped potential to understand and assess
the tactile processing of individuals with ASD and uncover haptic
digital markers2 [14].
Haptic interfaces emulate tactile or kinetic properties of an
object. Haptic interfaces could be: (1) passive, use spatial or
material features as a stimulus, such as textures; or (2) active, use
actuators as a stimulus, such as vibration motors [12,13,19]
Active haptic interfaces are becoming more common in our
lives as the devices we used every day incorporate haptic feedback
mostly in the form of vibrotactile patterns -a function of intensity,
rhythm, and sharpness representing the shape of a vibratory
waveform. For example, a smartphone may vibrate to notify users
of a new message.
Research on active haptic interfaces to support the care of
individuals with ASD has shown that there is a potential to use them
as a therapeutic intervention [2,5] and learning tools [15,23]. The
literature has shown that there are differences between children
with ASD and neurotypical children when processing vibrations
[16]; however, little has been said if haptic interfaces can be used
to assess differences in tactile processing in children with ASD.
There is limited research using haptic robots [10,11] this aim; but
open questions remain to demonstrate the potential of other haptic
interfaces in this domain and understand how vibrations affect
children's gestures when they interact with a haptic interface. We
hypothesize that Haptic interfaces will help reveal differences
between children with ASD and neurotypical children that can be
used in ASD screening.
In this paper, we describe the design of Feel and Touch, a
mobile haptic game augmented with vibrotactile patterns to assess
tactile processing; the contributions of this paper are:
•
A prototype of a mobile haptic game that
appropriately encourage interaction of children with
ASD.
•
A set of game activities to augment the capabilities
of the proposed vibrotactile patterns.
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Tools that transmit information through touch.
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Haptic interfaces for children have been used mostly as
therapeutic or learning tools. In terms of learning, research has
Measurements used to quantify physiological and behavioral data
collected through digital devices.

Avances en Interacción Humano-Computadora
shown that haptic interfaces have the potential to improve
children’s reading experience by augmenting stories with
vibrations [23] and creating associations of haptic sensations with
semantic meanings [24]. Moreover, haptic interfaces have been
explored to help children acquire writing skills [9,15]
In terms of therapy, haptic interfaces have been used to support
children with vision impairments to play games with a gamepad
[17]. For children with ASD, the use of vibration using gamepads
ease emotion recognition and reduce stereotypical behaviors [2].
More relevant to our project is CARBO, a robot with tactile
stimulation to support sensory integration therapy for children with
developmental disorders [11]. The study involved 18 children with
Attention-Deficit/Hyperactivity Disorder (ADHD) and 1 child with
ASD. The study shows that depending on the disorder, children
respond differently to tactile stimuli, suggesting that haptic
interfaces could be used to assess sensory processing. Similarly,
haptic robots have been used to assess tactile processing [10]. A
study with 6 children with ASD and 6 neurotypical children who
played a game using a haptic robot, with which children could feel
the “heaviness” of a ball. The results indicate that the “heaviness”
of the ball affected the performance of children with ASD.
These works have shown that children can to interact with
haptic interfaces with potential uses as a therapeutic, teaching, and
assessment tools. However, there are still open questions to
understand how vibrations affect children's gestures when they
interact with a haptic interface and how such interaction can be
encouraged with appropriate vibrotactile patterns and activities in
this domain.

3 Methods
For 4 months, we follow an iterative methodology based on the
user-centered design philosophy. First, we conducted a literature
review to compile existing active haptic interfaces, vibrotactile
patterns, and interaction gestures.
Then, we conducted a session with children and IHC experts
to find out what gestures they associate with vibrations (Table 1).
For this session, we first asked the participants if they knew what
vibration is, and then we did brainstorming sessions; we saved the
ideas in a document to be discussed and to make a match between
gestures and vibrations.
To involve the specialists in the design process, we conducted
5 design sessions to get the design of the game (Table 1). These
sessions involved experts in IHC, neurotypical children, preschool
teachers, and a special education teacher (Table 1). The dynamics
of the sessions were as follows: first, we explained the context of
the study to participants, then we conducted brainstorming, and
discussion of potential ideas took place; finally, low-fidelity
prototypes were proposed, and we discussed the advantages and
disadvantages of the prototypes. The data collected during the
design sessions were analyzed and materialized as sketches and
storyboards.

Table 1. The table show the participants involved on
participatory session, the objective and result for each session
Session
Participants
Objective
Result
1

4 HCI
experts
5
neurotypical
children

2

1 HCI
expert
2
neurotypical
children
2 pre-school
teachers
1 special
education
teacher

Get a list of
gestures that
are associated
with vibration

List of gestures
that the
participants associated with
vibration

Get the lowfidelity
prototype.

Low-fidelity
prototype

Get an
association
between
gestures and
vibrotactile
patterns.

Association
between gestures
and vibrotactile
patterns.

3,4,5

3 HCI
expert

Get the
dynamic of
the game

Storyboard of the
game

6

1 HCI
expert

Get the
graphic design
of the game

Character and
scenario design

1 graphic
designer

4.1 Gestures and vibrotactile patterns
We obtained a list of gestures from the gesture session that
experts and children associated with vibration. From that list, we
selected the gestures that children from 3 to 5 years old can perform
[3]: tap and drag. For each gesture, we associated a vibrotactile
pattern. In particular, we associated the tap gesture to a flat pattern
and then the drag gesture with a ramp pattern. (For more details,
see Appendix A)

4.1.1 Flat vibration pattern
For the flat vibration patterns, we define 80% from the
maximum intensity available within the motors used on a
smartphone. We selected 3 rhythms for the flat vibration, based on
those already reported in the literature [6,21,22], slow (1 second
between each vibration), medium (500 milliseconds between each
vibration), and quick (250 milliseconds between each vibration). In
our design, we defined 25 pulses for each flat vibration, based on
the maximum number of stimuli used in a vibrotactile battery to
assess the tactile performance of children with ASD [16].

4 Results
The results are divided into two sections: (1) gestures and
vibrotactile patterns and (2) description of Feel and Touch, a haptic
mobile game augmented with vibrotactile stimuli to assess tactile
processing.
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4.1.2 Ramp vibration pattern
For the ramp vibration patterns, we selected both ascending
and descending scales of intensity. In our design, the maximum
intensity is 100%, and the minimum intensity is 40% available
within the motors used on a smartphone. The ascending ramps
range from 40 to 100% intensity, and the descending ramps range
from 100 to 40%. We defined a pattern of 25 ramps, each with a
duration of 2 seconds and a separation of 1 second between
vibrations.
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4.2 Feel and touch
From our design process, we developed Feel and Touch, a
mobile haptic game augmented with vibrotactile patterns to assess
tactile processing. The goal of Feel and Touch is to help a hungry
spider rebuild its web destroyed in a storm mimicking the
storytelling of the itsy bitsy spider nursery rhyme. To be able to eat,
the spider first needs to build its web. Feel and Touch has 3
activities: build the web, feed the spider, and dancing on the web.
•
Build the web. The objective of this activity is to help the
spider to build its web. This level requires children to follow
the rhythm of the flat vibration pattern by tapping anywhere
on the screen. When the children feel a vibration, they must
tap anywhere on the screen, and the spider will jump from
its current location to the location of the children’s tap. The
spider jumping trajectory will draw a line between these
two points (Figure 1). This level has 3 sub-levels: (1) slow,
(2) medium, (3) quick. Each sub-level corresponds with the
3 rhythms. This activity will allow us to assess the reaction
time, duration of the taps, and the amount of used force [1].
•
Feed the spider. The objective of this activity is to feed the
spider. This level requires that children drag the spider’s
feet while they feel the ramp vibration. When a bug falls
into the web, a ramp vibration is reproduced, so the child
must drag the spider's legs to guide it to the bug. When the
child releases the spider's leg, the spider moves and captures
the bug (Figure 2). This level has 3 sub levels: ascending
ramps, descending ramps, and mixed ramps. This activity
will allow us to assess reaction time, the detection
threshold, force, duration of drag, and final point of the
drag.
•
Dance on the web. The objective of this level is that
children perform tap or drag gestures on the spider’s web
and feel the flat or ramps vibrations. If the children make
multiple taps, they will feel a flat vibration, and the spider
will jump. If the children make a drag, they will feel a ramp
vibration the spider will dance. With this activity, we will
understand which vibrations children with ASD prefer if
they either like the flat or the ramp patterns. In this activity,
we will count the number of taps and drags and measure the
force and the time interval between each gesture.

Figure 1 The images show the dynamic of build the web. The
spider jumps to the point where the child taps.
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Figure 2 The image shows the dynamic of feed the spider. While
the children feel the vibration, they drag the spider ‘feet

5 Feasibility evaluation of Feel and Touch
We develop Feel and touch to run on an iPhone 11. We
conducted a direct observation with 5 neurotypical children from 3
to 5 years (Table 2) old to understand whether children are able
to perform the selected gestures and to respond to vibrations.
Table 2. The table show the participant demographic
information
Participant
1
2
3
4
5

Age
3
3
4
5
5

Gender
male
female
male
male
female

We used the first demo of Feel and Touch and children
competed in the first level of building a web and the first level of
feed the spider. All children used their right hand to hold the iPhone
and used their left hand to perform the gestures (Figure 3).
Each child did the two activities alone. We explained to each
child the objective of the activities and gave them the same
instructions.
We observed the children while they performed the activities
and recorded their behavior in a document. After they finished the
activities, we asked the children if they had felt vibrations before
and if they could describe how the vibrations felt in the game.
From the direct observation, we found that none of the children
were scared by the vibrations or made negative comments. All the
children were able to perform the tap and drag gestures and
responded to the vibration. For the 3-year-olds children, they
needed clearer instructions to perform the tap gesture. In the first 3
attempts, the children did not tap the phone; instead, they kept one
finger pressed on the screen. The rest of the children had no
difficulty with the tap and drag gestures. We noticed that all the
children always drag the same leg of the spider. At the end of the
activities, we asked the children if they had felt vibrations before,
and children answered that when their parents' phone rings, their
cell phones vibrate, so children know the vibrations and are familiar
with them.
These results show that it is necessary to work on the
instructions to make them clearer, we also found that it is necessary
to work on rewards to keep the children's attention.
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[3] Lucrezia Crescenzi Lanna and Mariona Grané Oro. 2019.
Touch gesture performed by children under 3 years old when
drawing and coloring on a tablet. International Journal of
Human-Computer Studies 124 (4 2019), 1–12.
https://doi.org/10.1016/j.ijhcs.2018.11.008

Figure 3 The image shows a child performing the activity builds
the spider (left) and feeds the spider (right).

6 Discussion: Design considerations
As a result of the design and implementation of Feel and Touch, we
identified the following design considerations:
•

•

•

Use attractive visual stimuli. Haptic interfaces should
incorporate attractive visualizations to help keep children
engaged. For example, specialists suggested using elements
that children are already familiar with and colorful
animations. In Feel and Touch, we selected a spider as the
main character, and the experts suggested that it should be
colorful and cartoon-like.
Use gestures that correspond to vibrotactile patterns. To
interact with a haptic interface, it is necessary to associate
the gestures that correspond to each haptic pattern. In Feel
and Touch we associate the tap gesture to a flat vibration,
and the drag gesture to a ramp, taking into account whether
the gesture is discrete or continuous and the start and end
characteristics of each gesture.
Use simple instructions. Haptic interfaces should
incorporate simple instructions and child-friendly language.
In Feel and Touch the instructions used are "touch when you
feel the vibration" and "pull one of the spider's legs while
feeling the vibration".

7 Conclusion and future work
In this paper we present the design of Feel and touch, a mobile
haptic game augmented with vibrotactile patterns to assess tactile
processing. Our preliminary evaluation shows that children accept
vibrations and are able to respond with proposed gestures.
However, it is still necessary to work on the instructions to make
the goal of each activity clearer. To complete the design process,
future work is proposed to: (1) Conduct a formative study of the
use of Feat to investigate whether the activities and design are
appropriate (2) Conduct a study to evaluate the impact of Feat as a
screening tool.
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Appendix A
Table A. The table shows the relationship between gestures and vibrotactile patterns, as well as the intensity values for each
pattern.
Gesture

Tap

Drag

Vibrotactile
pattern

Description
vibrotactile
pattern

Start of
the
gesture

Trajectory

End of the
gesture

Flat

The intensity
remains the
same over time

Vibration
with a
default
intensity

No
trayectory

No vibration

Ramp

The intensity
increases
overtime or
starts with high
intensity and
decreases to a
stop.

Vibration
with a
default
intensity

Vibration
intensity
increase/de
crease
depending
on angular
direction

Maximum or
minimum
value of
insensitivity
depending on
angular
direction

Example
vibrotactile
pattern

Intensity of
vibrotactile
pattern
80%

40%-100%

Rhythms and type of
ramp
Slow (1 second between
each vibration)
medium (500 milliseconds
between each vibration)
quick (250 milliseconds
between each vibration).
The ascending ramps range
from 40 to 100% intensity,
and the descending ramps
range from 100% to 40%
intensity
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